Introduction
In the search for new and better therapies, reliable evidence of efficacy and safety-usually provided from large-scale randomized trials-is essential to support licensing, inform guidelines, and change clinical practice. However, the size, duration, complexity, and costs of conducting contemporary clinical trials have risen steadily. This coupled with an apparently diminishing likelihood of a positive trial has raised concerns about return on investment to the point of restricting drug development in cardiovascular diseases (CVD). 1 More efficient ways to conduct randomized trials need to be developed with engagement by the various stakeholders.
Root-cause analysis
There is a widespread perception that complex clinical trials designs and exhaustive data collection are associated with an improved quality of clinical research. Emphasis on eliminating any potential source of error has made trials more complex and bureaucratic, resulting in increased cost. Greater complexity and cost have restricted the size of trials and investigator and patient willingness and ability to participate. These challenges are multifactorial; they include risk aversion from industry and regulators with an attendant bureaucracy. Commercial stakeholders who benefit financially from over-regulation and increasingly complex trial design and over zealous data collection further exacerbate these issues ( Table 1) . It is estimated that costs could be reduced by between 30 and 80% through a variety of simple measures to streamline trials. 2 The current position where we have many potentially promising new treatments but the requirement to spend hundreds of millions of euros to bring them to market is untenable. There is an urgent need to reverse the trend of increasing trial complexity and cost such that more clinically relevant questions can be answered quickly and efficiently, ultimately to improve patient outcomes.
Streamlining randomized controlled trials
In our view, the design and conduct of clinical trials should focus on the most relevant clinical outcomes, the safety of the participants, and the efficient use of resources. Ideally a large simple trial (LST) should minimize bias through randomization and, preferably, blinding, have streamlined data collection and focus on objectively measured outcomes ( Table 2) . Simplification and quality can be well aligned in many trials with a greater focus on conduct of the trial in a typical care setting to improve generalizability and capture of only the most important clinical outcomes and accrual of adequate numbers of these outcomes to assure a reliable estimate of treatment effect. A more streamlined approach is possible at a number of levels. 3 
Design features
Streamlining begins with design, tailored to the individual needs of each trial particularly in relation to risk management. Research question should be pertinent, focussed, and specific with matching objectives and outcomes. Each outcome measured increases trial complexity and cost. Mechanistic trials are essential to establish the biologic activity of new treatments and to begin to define safety. However, based on an analysis of clinicaltrials.gov, registered clinical trials are dominated by single centre, small studies with questionable methodology, and many are never published. 4 Another consequence of the increasing cost and complexity of trials is that because many treatments are developed in restricted populations they do not represent the broad cross section of patients with the disease of interest. Often this reflects an attempt to minimize trial size (while maximizing the likelihood of detecting a treatment effect and minimize risk) or defining such a specific population that it will comprise a unique indication for the treatment in a highly competitive environment. Study design is strongly influenced by regulatory guidelines and advice. 5, 6 The more complex the efficacy and safety requirements imposed, the greater the cost and desire to restrict trial size. It is acknowledged that future trials may benefit from enrichment strategies through truly discriminative biological and genetic markers. However, these strategies should be based on biologically plausible data, so they do not undermine the spirit of clinical research to add value in the broadest clinical population possible. Ideally, LST should avoid extensive eligibility criteria, limiting the inclusion of particular subsets of patients only because of anticipated safety concerns or probable lack of efficacy. Paradoxically, attempts to reduce trial size by selecting high-risk patient subsets can increase costs through the need for costly screening tests and payment for 'screen failures'. Large simple trials are event-driven studies and may use composite endpoints that integrate the effect of treatment across different outcomes reflecting disease activity. This approach increases the total number of events and the power to discriminate differences. The use of composite endpoints is discussed in more detail elsewhere but it should be remembered that the result of a trial will be difficult to interpret and potentially controversial if the composite if driven by a single 'soft' component or when directionally different treatment effects occur amongst different components. Moreover, using composite endpoints in a time to event design mandates using only the first event in the primary analysis. Since this may not represent the most important event (e.g. death), it may lead to a substantial loss of information because subsequent events are ignored, or at least under emphasized. There is a growing enthusiasm for methods that reflect the weight, i.e. relative importance of individual components and account for the total number of events patients experience, not just the first one. This is particularly germane for long-term therapies in chronic diseases characterized by recurrent non-fatal events. These approaches should improve the power and efficiency of studies in diseases where patients have multiple events. 7 -9 While most large cardiovascular trials focus on hard clinical outcomes like death and events that cause hospitalization, patient-centred outcomes are also important targets for treatment of cardiovascular disease, including, for example, heart failure. Symptom relief and quality of life may be the most important goals of some therapies, Large streamlined trials in cardiovascular disease but assuring the treatment has a neutral or beneficial effect on hard clinical outcomes is usually necessary. The main aims of adjudication are to reduce bias and enhance accurate ascertainment, thereby acting as a quality control system. The need for adjudication depends on a number of factors, including the level of masking, nature of the endpoint in question (all-cause death does not need to be adjudicated), objectivity of the definition, and level of expertise and engagement of the investigators. Adjudication, however, is a time-consuming and costly activity, and usually does not materially alter the effect of treatment in a trial. 10 While accepting that adjudication may be sometimes advisable (e.g. in an unblinded trial, or where the primary endpoint does not pertain to the area of expertise of the investigators), there are strategies to minimize the amount of adjudication needed ( Table 3) . Experienced trialists can help identify opportunities to collect data in an efficient and targeted way, pinpointing the key elements, and avoiding unnecessary distractions that have the potential to consume resources. Strong and enlightened leadership from sponsors and contract/academic research organizations (CRO/AROs) is also necessary if this is to be achieved.
The extent of data collection requirements in a trial will vary depending upon the nature of the drug, the indication, and whether the profile of the drug is already well established (e.g. early vs. late phases of clinical development or pre-approval vs. post-approval trials). Current pivotal studies in cardiovascular diseases tend to collect an immense amount of data from individual patients, most of which is unnecessary for the evaluation of drug efficacy and safety. Excessive data collection increases cost and may have the paradoxical effect of reducing the overall quality and integrity of the trial data, as it increases the complexity and the amount of work of the investigators. The reasons behind this inefficient practice are multifactorial. On the one hand, drug development is frequently more prone to risk aversion rather than to risk management. For both industry and regulators, detection of safety signals has sometimes become an obsession rather than a scientifically guided activity. Also, academic participants in studies tend to advocate collection of 'nice to have' data to satisfy scientific curiosity, without appreciating the incremental costs and the risk of false-positive findings. A useful exercise is to limit data collection, focussing on the primary study objective and the specific safety aspects related to the treatment in question. A recent example of over exuberant data collection leading to a delay in regulatory approval was recently reported by the ARISTOTLE investigators. 11 Collection of the study drug bottle numbers that were returned to the study sites, and sometimes transcribed incorrectly, led to an erroneous estimate of improper drug allocation, when the true problem was the transcription of thousands of extra data points rather than actual allocation error. This would never have been a problem if this unnecessary variable was never collected.
Study conduct
Data and investigator site monitoring have the ultimate goal of assuring that the protocol is being followed and that patient data collected are reliable and accurate. Monitoring visits to study centres may also be used for motivation and training purposes. Clinical trials are most widely monitored through frequent on-site visits, sometimes verifying virtually all data collected from all patients. This means that a vast amount of money is currently spent on site-monitoring. There are on-going initiatives on both sides of the Atlantic to rationalise monitoring requirements, adapting them to the study setting. 12, 13 Large outcome trials are the most important example where riskbased monitoring approaches are needed. Reduced monitoring strategies (where both random and targeted samples of centres, patients and outcomes are monitored) are needed in clinical studies involving hundreds of centres and thousands of patients. This approach can ensure that a predefined rate of errors is not exceeded and thereby also ensure the credibility of the study results. A small amount of random errors is unavoidable and acceptable. Their impact on the study results in large studies is minimal, if any. Central statistical monitoring as a powerful tool to minimize systematic errors, and importantly, fabricated data should be routinely considered in LSTs. A proper statistical monitoring plan should foresee the creation of key indicators leading to targeted on-site monitoring strategies.
There are recent examples where withdrawal of consent for followup was so common that it undermined interpretation of the study results by regulators. 14, 15 Having complete follow-up data on as many patients as possible is crucial. It is important to obtain as much follow-up information on each patient as possible, even if a patient stops taking the study drug, whether due to choice or an adverse event. There should be efforts to minimize patients withdrawing from follow-up and anticipatory agreement between trial subjects and investigators to permit passive follow-up for important outcome events and vital status in such patients. The original informed consent can include the statement that patients may withdraw from study procedures but that attempts will be made, nevertheless, to obtain follow-up for major events and vital status. Even when a patient does refuse any follow-up to occur, efforts should be made to obtain vital status at the end of the trial. Not doing so reduces the value of participation of every other patient. It also particularly jeopardizes the collection of data on safety with which to guide the treatment of all future patients. Thus there is arguably as much or more of an ethical mandate to obtain information on outcomes, involving minimal or no inconvenience to patient, as there is to allow patients to withdraw completely from even passive follow-up in a trial. Education on the importance of continued follow-up is of overriding importance. This should be aimed at everybody involved in the trial, including CRO/AROs, sponsors, coordinators, investigators, clinicians (including those not directly involved in the study, but Patients need to understand the significance of their role in the trial, and the benefits of their continuation in the trial. In addition to the value of the statement at the time of consent that some followup will be conducted in all circumstances, patients should be made fully aware of the level of commitment required and the importance to all other patients in the trial and in future care guided by the trial. This can be coupled with a personal letter to each patient enrolled, not only thanking them for their participation in the trial, but also highlighting the importance of their involvement and commitment.
Although it is not possible to stop patients from withdrawing their consent for trial treatments and procedures, it is reasonable to request the collection of some critical data for the study completion, either directly from them (follow-up visits or calls), from healthcare providers or from public medical records. Most patients are agreeable for data to be collected 'from afar' even if they do not want to participate in the study any longer. At the very least, their vital status should be assessed. It is notable that when the FDA did not grant approval for the treatment in part based on a high level of loss to follow-up, 15 the ATLAS-2 study team was able to go back and collect vital status on most patients who lacked it. This suggests that the high degree of loss to follow-up, even with current barriers, is modifiable. Therefore, maximizing follow-up information should be of paramount importance to the trial executive and the sponsors, but requires support and endorsement from regulators. This is an area where regulatory, societal (including governmental), and ethical guidance is urgently needed.
Final reflections
The spirit of good clinical practice recommendations was to protect patients' rights and guarantee the integrity and reliability of the results of clinical studies. 16 However, it is clear that these original intentions have resulted in unnecessary complexity and diversion of limited resources to activities that do not improve trial quality and in fact undermine the impact of clinical trials. Strategies for streamlining study design and conduction have to be tailored to the individual clinical trial, but can be applied to a large majority of phase III/IV cardiovascular clinical trials. Attempts to contain costs by constraining trial size may also have led to 'false-negatives' and failure to proceed to phase 3 of development. The expansion of the clinical trial enterprise, including regulatory departments in pharmaceutical companies and CROs, propagates trial complexity and cost. Lack of clear, consistent, and harmonized regulatory directives around the specific needs of clinical trials has also been a barrier to conduct trials more efficiently.
Initiatives from both sides of the Atlantic have now started, more prominently in the USA than in the European Union. In the USA, the Clinical Trials Transformation Initiative (CTTI) has been established by the Food and Drug Administration (FDA) and the Duke University as a public-private partnership to identify practices aimed at increasing the quality and efficiency of clinical trials. 17 In the EU a regulation intended to replace the Clinical Trials Directive is under discussion by the EU Council. 18 The regulation is expected to fix some fundamental deficiencies of the current EU regulatory environment. 19 There is a unique opportunity to fundamentally reform regulations and standards for clinical trials. A joint venture of all stakeholders (patients, trialists and academia, pharma and regulators) sharing the responsibility of assuring the sustainability of clinical research will be required.
We not only have to improve the situation, but we must do it quickly. The alternative will be to both forgo our responsibility to conduct the trials necessary to improve public health and to be left out of global trials that will shift to environments where more efficient approaches are possible.
